Analysis of minute sample volumes is a major analytical challenge that requires an understanding of fluid flow in microstructures. Accordingly, flow dynamics of biological fluids and cell suspensions in straight glass-capped silicon microchannels (40 to 150 m wide, 20 and 40 m deep) were studied. We demonstrated that these microstructures are appropriate components for microfluidic analytical devices. Different fluids were easily manipulated in the microchannels, and measurements of flow rate as a function of pressure for whole human blood, serum, plasma, and cell suspensions revealed non-Newtonian behavior. By means of micromachined filters (5 m) located in channels, blood cells and microparticles were effectively separated from nanoliter-sized samples, clearly indicating the future role of microstructures for a variety of analytical purposes. Montgomeryville, PA) with photolithographic masks (Align-Rite, Santa Clara, CA). The wafers were diced into 17 x 11 mm chips and then sealed with 1.58-mmthick Pyrex glass (Mooney Precision Glass, Huntington, WV) by using a diffusive bonding technique (10). An entrance and an exit port (500 x 500 m) were etched through the 400-pin-thick silicon at each end of the 11.7-mm-long channel. For each batch of channels, the depth of one channel was measured with a surface proifiometer with a precision of ± 1%. Channels produced with the anisotropic etchant had a trapezoidal crosssection (Fig. 1B) .
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Flow studies. We quantitated fluid flow in microchannels with the experimental apparatus shown in Fig. 2 Protein-coated channels.
The inside surfaces of some of the microchanneis were coated with albumin by filling them with a solution of albumin (50 g/L) (Sigma, St. Louis, MO), and then drying the channels in a microwave oven. 
Results

We
150-pm-wide
x 40-pin-deep channel. Flow rate as a function of pressure head and relative viscosity for distilled water, serum, and RBCs are shown in Fig. 3 . The pressure required to achieve a given flow rate increased as the complexity and viscosity of the fluid increasede.g., for a flow rate of 0.25 mLlmin, distilled water required a pressure of-75 kPa, whereas the identical flow rate with whole blood required >250 kPa (Fig. 3A) . Whole blood,, diluted 3500:1 in isotonic saline to give the same cell concentration as the WBC preparation, required less driving force than the WBCs at a given flow rate. This is because whole blood is made up primarily of RBCs, which are highly flexible and much smaller than is depicted in Fig. 3B as a function of flow rate (F). For
Thus, as anticipated, the relative viscosity of saline was constant over the range of flow rates tested (Fig. 3B) as the flow rate decreased (<0.35 mI.dmin); e.g., viscosity of whole blood increased more than twofold as flow rate was reduced from 0.35 to 0.1 mL/min (Fig. 3B) .
80-pm-wide
x 20-pm-deep channel. The relation between flow rate and relative viscosity and pressure for distified water, serum, and RBCs in saline is depicted in Fig. 4A ranged from 20 800 to 105 257 s'. The biological fluids required a greater pressure than did distilled water to achieve the same flow rate (Fig. 4A) . Compared with that for the larger channel, the pressure required to achieve a given flow rate was much higher; e.g., a serum flow rate of 0.09 mL/min required a pressure of 1100 kPa in the small channel and 150 kPa in the large channel. Both serum and RBCs in saline exhibited nonNewtonian behavior (i.e., the relative viscosity increased as the flow rate decreased) (Fig. 4B) . Flow of whole blood in this channel was not studied because of clogging of the channel.
Albumin-coated
150-pm-wide
x 40-pm-deep channels. We also studied the flow of WBCs suspended in isotonic saline (1.8 x 106 cells/L) in a 150-pm-wide x 40-pm-deep channel and through an identical channel coated with albumin. The coating was uneven and we were not able to measure its thickness. However, after viewing the coating under a microscope, we estimated that the coating's peaks were no more than 5% of the channel depth. We detected no difference in the pressure drop vs flow rate measurements of the WBCs flowing through the coated and uncoated channels, nor did we observe any tendency for the WBCs to attach to the albumin (they tended to stay away from the walls).
Microfilters.
Filters of differing designs were fabricated by reactive ion etching within channels to study separation and (or) isolation of formed elements (e.g., blood cells). 
